Introduction: Orbital decompression surgery for thyroid-associated orbitopathy (TAO) has evolved greatly over the past decades with the development of new surgical techniques and strategies for patient management. However, randomized controlled trials comparing surgical approaches are lacking. The goal of this study was to report the current preferred practices among American Society of Ophthalmic Plastic Surgeons (ASOPRS) members for orbital decompression surgery for TAO, including surgical techniques and perioperative patient management. Methods: An anonymous electronic survey consisting of 21 questions was sent to the current membership of the ASOPRS, leading to 170 responses in total (response rate: 23.7%). Questions regarding preoperative and postoperative care as well as surgical technique were included.
INTRODUCTION
Surgical decompression for thyroid-associated orbitopathy (TAO), also known as Graves' orbitopathy, is employed for the correction of disfigurement or exposure keratopathy resulting from proptosis, or for the treatment of dysthyroid optic neuropathy. There has been a great deal of refinement of surgical techniques over the past few decades, but surgical approaches vary widely between institutions and individual practitioners.
Decompression of the lateral orbital wall was first described by Dollinger in 1911 [1] . Throughout the following decades, numerous additional techniques were described, including removal of the orbital floor, medial wall, or both the floor and medial wall through a transantral approach [2] . Three-wall decompression was first described by Tessier in 1969 [3] . A 1985 survey of American Society of Ophthalmic Plastic and Reconstructive Surgery (ASOPRS) and Orbital Society members reported on 531 decompression cases performed by 75 surgeons. At that time, 75% of the cases performed were decompression of the medial wall and orbital floor, and 20% were three-wall orbital decompression [4] .
In 1989, Leone and coworkers described balanced decompression of the medial and lateral orbital walls with removal of the lateral orbital rim as a technique with potentially lower risk for postoperative strabismus [5] . Kennedy first described endoscopic medial wall decompression in 1990 [6] . Further reports of balanced lateral and medial wall removal were later described, both with a transcaruncular approach to the medial orbit or by endoscopic decompression of the medial wall, and without removal of the orbital rim for the lateral wall [7, 8] . Decompression of the lateral wall only with removal of intraconal fat was also described as an effective procedure for reducing proptosis [8, 9] .
A survey was conducted in 2014 of common practices in the management of TAO among oculofacial plastic surgeons in the Asia-Pacific region, with a response rate of 25-35%. In this group, 73.5% of respondents preferred two-wall decompression, with 14.7% performing onewall and 11.8% performing three-wall decompression. The wall(s) of choice were not specified [10] . In a 2015 survey of ASOPRS members on the management of severe thyroid eye disease, 38% of members responded. 61% of respondents preferred two-wall decompression, with 56% of these preferring the orbital floor and medial wall and 41% preferring the medial and lateral orbital walls [11] . A 2016 survey of ASOPRS members with a 17.5% response rate found that 48.2% of surgeons preferred a combined orbital floor and medial wall decompression, 39.5% preferred a balanced lateral and medial decompression, and 11% preferred single-wall decompression. However, three-wall decompression was not listed as an option in this survey [12] .
Complications have been reported to occur at an overall frequency of 9.3% following orbital decompression surgery, but this may be an underestimation [13] . These complications may include vision loss, hemorrhage, cerebrospinal fluid (CSF) leak, V1 or V2 hypoesthesia, corneal ulcer or other infections, temporal hollowing, or oscillopsia [14] . Various perioperative management techniques have been suggested to prevent such complications, such as preoperative and postoperative steroid and antibiotic treatment, placement of a surgical drain in the orbit, or admission of the patient to the hospital for overnight observation. However, there is a lack of randomized controlled trials studying perioperative management techniques in this setting, and past surveys did not address preoperative or postoperative patient care, so overall practice patterns in this regard are unknown.
Outcomes of orbital decompression were assessed in 2009 by the European Group on Graves' Orbitopathy (EUGOGO), with greater proptosis reduction noted for three-wall decompression as compared to two-wall decompression. Choice of surgical technique was noted to vary widely depending on surgeon preference and experience as well as the culture at a particular institution [15] . Very few randomized controlled trials have studied surgical orbital decompression for TAO. A Cochrane review in 2011 of surgical orbital decompression for thyroid eye disease found two randomized trials for inclusion in the review [16] . The first study compared transantral and endoscopic transantral approaches to decompression and found that the endoscopic transantral approach had similar outcomes but fewer complications, but was limited by a short follow-up period [17] . The second study found that intravenous steroids may be superior to primary surgical decompression for management of compressive optic neuropathy, but this study was limited by a small sample size and did not address surgical technique [18] . No randomized controlled trials have compared non-endoscopic surgical techniques or addressed perioperative patient care.
We sought to describe the current practice patterns for orbital decompression surgery among ASOPRS members, including surgical techniques and perioperative patient care.
METHODS
A survey study was conducted consisting of an anonymous electronic survey with 21 questions. The Johns Hopkins Institutional Review Board reviewed this study and provided it with an IRB exemption. The study adheres to the tenets of the 1964 Declaration of Helsinki and its further amendments. The survey contained a statement of consent that when patients completed the survey, they provided consent to participate. This survey was sent to current ASOPRS members in June 2017. A total of 726 invitations were sent; 10 invitations (1.4%) were returned, indicating that a total of 716 invitations were received. 170 responses were received, corresponding to a response rate of 23.7%, which is similar to the response rates in previously published surveys on related topics [10] [11] [12] . The chi-squared test was performed to test the significance of the correlation between two categorical survey items. A P value of \ 0.05 was considered to indicate statistical significance. The software used for the analysis was SAS, version 9.4 (SAS, Cary, NC, USA).
RESULTS
Of the 170 respondents, 41.4% were in private practice without trainees, and 36.1% were in an academic setting with trainees. 15.4% were in private practice with trainees, and 7.1% were in an academic setting without trainees. 57.7% completed fellowship training more than 15 years ago, 9.4% completed training 10--15 years ago, 16.5% completed training 6--10 years ago, and 9.4% completed training less than 5 years ago. The largest group of respondents perform less than 10 decompression surgeries annually (45.3%). Only 24.1% perform more than 20 decompressions per year, and the remainder (30.6%) perform between 11 and 20 decompressions per year.
Several questions pertained to the preferred wall(s) for a patient's first decompression surgery ( Fig. 1 ). 54.2% of respondents prefer twowall decompression as their initial surgery of choice. Of the surgeons preferring two-wall decompression, 53.8% prefer balanced lateral and medial decompression as the two-walled procedure of choice, and 44.0% prefer the orbital floor and medial wall. 23.2% of respondents prefer to perform a three-wall decompression of the lateral, inferior, and medial orbital walls as their first surgery. 11.9% of surgeons perform a single-wall decompression of the lateral wall, and 8.3% perform a single-wall decompression of the medial wall as the initial procedure of choice. There was no significant relationship between the orbital wall of choice for a patient's first decompression and number of years in practice (P = 0.536), practice setting (academic or private practice with or without trainees, P = 0.203), or number of decompression surgeries performed per year (P = 0.398).
Additional questions addressed surgical techniques (Fig. 2) . 75.9% of surgeons perform a local anesthetic block. 68.6% do not use intraoperative navigation for decompression, with 16.5% of surgeons using this in less than a third of their cases, and 12.4% using navigation for over two-thirds of their cases. There was no correlation between use of intraoperative navigation and practice setting (P = 0.403) or number of years in practice (P = 0.158). 17.8% of surgeons routinely remove the lateral orbital rim, with 18.3% ''sometimes'' removing the rim. Of those who remove the lateral orbital rim, 76.7% replace the orbital rim. For decompression of the lateral orbital wall, the most commonly used tool was the high-speed drill, which was preferred by 49.7% as the only tool used, compared to 13.5% who used ultrasonic aspiration only. If a conjunctival incision is made, 58.5% of respondents close the incision. 20% of surgeons routinely perform a temporary tarsorrhaphy and 3.5% perform a permanent tarsorrhaphy at the end of surgery.
Respondents answered several questions regarding preoperative and postoperative patient care (Fig. 3 ). Computed tomography (CT) imaging was preferred by the large majority (95.9%) of respondents for preoperative imaging evaluation, compared to 3.0% who prefer magnetic resonance imaging (MRI) and 0.6% who do not obtain preoperative imaging. Steroids are routinely used preoperatively by 35.9% of respondents and postoperatively by 69.2% of respondents. Antibiotics are used preoperatively by 32.9% and postoperatively by 56.4%. Only 17.8% of surgeons routinely place a drain in the orbit at the completion of surgery. 44.4% of respondents routinely admit patients overnight postoperatively. Regarding timing of the first postoperative examination, 24.3% of surgeons evaluate the patient on the day of surgery, 37.9% evaluate the patient on the first postoperative day, and a nearly equivalent portion of 37.3% see the patient at 2-10 days after surgery. 73.5% of respondents do not place an eye patch postoperatively, compared to 22.4% who place a patch for less than 24 h. Only 4.1% of surgeons leave an eye patch in place for more than 24 h after surgery.
DISCUSSION
Surgical decompression for TAO has evolved greatly since it was first described in 1911. Since then, surgical techniques and preferred practices have changed, and are influenced by surgeon training and institutional tradition [15] . There is a marked lack of randomized controlled trials comparing the outcomes of surgical techniques and perioperative management decisions for orbital decompression surgery [16] .
In recent studies, two-wall decompression was generally the most preferred procedure, with the medial orbital wall and the orbital floor being the most common walls of choice [11, 12] . In this survey, there was a shift to a b Fig. 1 Choice of wall for first decompression surgery.
Several questions addressed which walls were preferred for a patient's first decompression surgery. a 54.2% of respondents prefer two-wall decompression as their initial surgery of choice, compared to 23.2% who perform threewall decompression of the lateral, inferior, and medial orbital walls, and 22.6% who prefer one-wall decompression. b Of the surgeons preferring two-wall decompression, 53.8% prefer balanced lateral and medial decompression, 44.0% prefer the orbital floor and medial wall, and 2.2% prefer the floor and lateral wall. c Of the surgeons who perform one-wall decompression as the initial procedure of choice, 52.6% decompress the medial wall, 36.8% decompress the lateral wall, and 10.5% decompress the floor larger proportion of surgeons preferring combined lateral and medial decompression as their procedure of choice. There have been a number of studies in recent years describing this socalled ''balanced'' decompression approach, suggesting that there may be lower rates of postoperative strabismus [5, 7, 8, 19] . Such studies may have influenced this trend. However, there was no significant relationship between number of years in practice and preferred wall(s) for initial decompression. Likewise, there was no correlation between the type of practice (academic, private practice, with or without trainee) or number of surgeries performed per year and the preferred wall(s). This may suggest that surgeon preferences are largely influenced by training and institutional tradition. Stereotactic navigation has been described for orbital decompression surgery as a method allowing the precise removal of the maximum amount of bone during surgery while using a smaller incision, particularly when identifying the safe limits of bony lateral decompression [20, 21] . However, the use of this technology may be limited by the learning curve involved as well as the high cost of the equipment [20] . Interestingly, there was no correlation between the use of intraoperative navigation and either practice setting or number of years in practice.
The original report of balanced medial and lateral wall decompression by Leone in 1989 described permanent removal of the lateral orbital rim [5] . However, complications such as visible asymmetry, temporal hollowing, or masticatory oscillopsia were reported with this technique [22] . ''Rim sparing'' decompression was later described; oscillopsia and temporal wasting can occur with this approach as well, though perhaps less frequently [23, 24] . Leaving a thin rim of bone overlying the temporalis muscle has been suggested as a means to prevent these complications [25] . Others described temporary removal of the rim and replacement with either fixation plates or sutures [26, 27] . Decompression of the lateral wall via an intraorbital approach leaving the rim intact may have the advantages of shorter operative time and lower frequency of these complications [28, 29] . In accordance with these Fig. 2 Surgical decompression technique. Several questions addressed aspects of surgical decompression technique. a 68.6% of surgeons do not use intraoperative stereotactic navigation. In contrast, 12.4% of respondents use intraoperative navigation in more than two-thirds of their decompression cases, 2.4% of respondents use navigation in between one-third and two-thirds of their cases, and 16.6% use navigation in less than one-third of their cases. b 17.8% of respondents routinely remove the lateral orbital rim during decompression surgery, 18.3% remove the lateral rim ' 'sometimes,' ' and 63.9% of surgeons do not remove the lateral rim. c Of surgeons who do remove the lateral rim, 76.7% replace the rim following completion of the procedure, compared to 23.3% who do not findings, the majority of ASOPRS members perform rim-sparing surgery for decompression of the lateral wall (63.9% do not remove the rim and 18.3% remove the rim ''sometimes''). Of those who remove the lateral orbital rim, 76.7% replace it.
When an inferior fornix incision is used to approach the orbit, it has been suggested that foregoing suture closure provides various advantages, including reduced operative time and reduced risk of corneal irritation from sutures or lower eyelid retraction [30] . In this study, 41.5% of the respondents stated that they do not close a transconjunctival incision if one is made. However, this survey did not differentiate between the transcaruncular approach to the medial wall and the inferior fornix approach, which may influence these results.
Intraorbital hemorrhage can occur with orbital decompression and can lead to vision loss from orbital compartment syndrome. Some have suggested placing a drain in the orbit as a method of prevention, but in this study only 17.8% of surgeons reported that they routinely do so [14, 21] . Overnight admission for observation can be considered, and in our survey 44.4% of surgeons stated that they routinely admit patients following decompression surgery. Placement of an eye patch for 3 days postoperatively has been suggested as a method of further prolapsing orbital tissue into the space created by decompression [21] . Others argue that patch placement does not allow selfmonitoring of postoperative visual acuity, and as such should be avoided. In this study, the majority of surgeons (73.5%) do not place a patch postoperatively, and if one is placed, the large majority remove the patch less than 24 h after surgery. Prospective studies are needed to determine how these differences in postoperative management affect patient outcomes.
On review of the literature, little has been studied regarding postoperative and preoperative steroid and antibiotic treatment in the setting of orbital decompression. Intravenous and oral steroids have often been employed for the treatment of active TAO [31] . As many patients undergoing decompression surgery may be in this phase, it makes intuitive sense that prophylactic steroid treatment may reduce the amount of postoperative inflammation. Accordingly, a greater proportion of respondents prescribe postoperative steroids (69.2%) than prescribe preoperative steroids (35.9%). Postoperative infections have been reported following decompression surgery, but the role of prophylactic antibiotics is unknown [14] . We found that ASOPRS members were nearly evenly split in whether they prescribe postoperative antibiotics (56.5% prescribe), but the majority (67.1%) do not prescribe preoperative antibiotics. Fig. 3 Preoperative and postoperative management. a The vast majority of respondents obtain preoperative imaging, with 95.9% preferring CT, and 3% choosing MRI. Only 0.6% of surgeons do not obtain preoperative imaging. b Only 35.9% of respondents routinely use preoperative steroids, compared to 69.2% who routinely use postoperative steroids. Similarly, only 32.9% routinely prescribe preoperative antibiotics, and 56.5% prescribe postoperative antibiotics CONCLUSION In summary, there is broad variation in both surgical techniques and perioperative patient management among ASOPRS members. This study is limited in that it does not provide information about clinical outcomes of various decompression techniques. Knowledge of current trends among oculofacial plastic surgeons is nevertheless useful in considering surgical approaches. This data will also help to guide studies that compare the outcomes of different decompression methods, which will lead to the further evolution of our practices.
